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(54) Camera apparatus

(57)  Acameraapparatus, by which astill picture pho-
tographed without data transfer to a personal computer
can be viewed on the personal computer, includes an
optical system, an imaging device (21) for converting a
light signal of an object from the optical system into an
electrical signal, an A/D converter (22) for converting the

/23

electrical signal from the imaging device (21) into digital
picture data, a data compression unit (28a) for compress-
ing the picture data from the A/D converter (22) in a pre-
set style based on a software program, and a data con-
version unit (28, 31, 32) for converting compressed data
from the data compression unit (28a) into data of a pre-
set style that can be recorded on a floppy disc.
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Description

[0001] This invention relates to camera apparatus.
More particularly, but not exclusively, the invention re-
lates to a camera device for digitizing a picture of an
object for recording as still picture data.

[0002] Recently, as personal computers are coming
into widespread use, digital camera devices, configured
for digitizing and recording pictures, are stirring up notice
as picture recording devices. As the digital camera de-
vices, there are known such devices in which a pre-set
number of object are digitized and recorded in a pre-set
recording medium such as a flash memory as still-picture
data so that the still pictures can be subsequently out-
putted to a monitor of the personal computer. The digital
camera device usually has the function as a picture re-
producing device of displaying a picture recorded on a
pre-set recording medium from a picture display unit,
such as a LCD panel, provided on the back side of the
device. Inaddition, the digital camera device occasionally
has the function of editing picture data such as erasing
arecorded picture corresponding to an unneeded picture
or an unsatisfactory picture.

[0003] Ina previously proposed digital camera device,
a flash memory enclosed in a main body portion or a
telescopically movable card-type flash memory is used
as a recording medium for picture data.

[0004] However, in the previously proposed digital
camera device, since these memories are expensive in
terms of costs per photographed picture and hence is
notsuitable as storage medium, itis necessary to transfer
the photographed still picture data to a hard disc or a
floppy disc in the personal computer for copying after
photographing, this data transfer representing a time-and
labor-consuming operation. In the previously proposed
digital camera device, these memories are costly such
that the user cannot own a number of such memories,
so that the number of pictures that can be photographed
cannot be increased as desired, while the chance of pho-
tographing outdoors is restricted since the user cannot
carry the personal computers outdoors.

[0005] The present invention provides a camera ap-
paratus that includes an optical system, an imaging de-
vice for converting light signals of the object from the
optical system into electrical signals, an A/D converter
for converting the electrical signals from the imaging de-
vice into digital picture data, data compression means
for compressing the picture data from the A/D converter
in a pre-set style based on a software program, and data
conversion means for converting compressed data from
the data compression means into data of a pre-set style
that permits recording on a recording floppy disc.
[0006] In a preferred form of the present camera ap-
paratus described in detail hereinbelow, the light signals
of the object from the optical system are converted by
the imaging device, A/D converter, data compression
means and data conversion means into pre-set data that
permits recording on a floppy disc.
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[0007] Since the light signals of the object from the
optical system are converted by the imaging device, A/D
converter, data compression means and data conversion
means into pre-set data and subsequently recorded on
the floppy disc, the photographed still picture can be eas-
ily seen on a personal computer on loading the floppy
disc carrying recorded still picture of the object on the
floppy disc drive of the personal computer. This elimi-
nates the necessity of transferring the photographed still
picture data to a hard disc or a floppy disc of the personal
computer after photographing to dispense with the time-
consuming data transfer operation.

[0008] Accordingly, the preferred form of the invention
provides a camera device whereby a still picture photo-
graphed without data transfer to a personal computer
can be viewed on the personal computer.

[0009] The invention will now be further described, by
way of illustrative and non-limiting example, with refer-
ence to the accompanying drawings, in which:

Fig.1 is a perspective view from the front side of a
digital camera device embodying the present inven-
tion.

Fig.2 is a perspective view of the digital camera de-
vice from the backside.

Fig.3 is a block diagram showing the circuit structure
of the digital camera device.

Fig.4 represents the address space of a micro-com-
puter.

Fig.5 represents a data area of a DRAM.

Fig.6 is a block diagram showing the circuit structure
of the digital camera device.

Fig.7 is a flowchart for illustrating the control opera-
tion during data recording in the digital camera de-
vice.

Fig.8 illustrates filenames of main picture files.
Fig.9 illustrates the information on the filenames, re-
cording time or file size of the main picture files and
the thumbnail picture files.

Fig. 10 illustrates the state of the main picture files
and the thumbnail picture files recorded on the mag-
netic disc.

Fig. 11 is a flowchart for illustrating readout control
of the thumbnail picture files during reproduction in
the digital camera device.

Fig.12 illustrates the hysteresis for the recording
states on the magnetic disc.

Fig. 13 illustrates a thumbnail management table.
Fig.14 illustrates the state in which a thumbnail pic-
ture file is stored from a magnetic disc to a pre-set
area on the DRAM.

Fig.15 illustrates the state of display of thumbnail
pictures and so forth on a LCD panel.

Fig.16is an exploded perspective view forillustrating
the mechanical structure of the digital camera de-
vice.

Fig. 17 illustrates the mounting angle on a circuit
substrate of an acceleration sensor.
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Fig. 18 illustrates the mounting state of the circuit
substrate and the floppy disc drive looking from the
cartridge inserting opening side.

Fig. 19 is a see-through perspective view for illus-
trating the structure of the acceleration sensor.
Fig.20 illustrates the operation of the acceleration
sensor on impact application.

Fig.21 illustrates the structure of a magnetic head
arranged in the casing of the floppy disc drive.
Fig.22 is a timing chart for illustrating the operation
of the acceleration sensor, flip-flop, OR gate, micro-
computer and the floppy disc drive and the process-
ing of recorded data.

Fig.23is a block circuit diagram for illustrating a mod-
ification of the digital camera device.

[0010] Referring to the drawings, preferred embodi-
ments of the present invention will be explained in detail.
A digital camera device 1, embodying the present inven-
tion, is of a portable size and a substantially parallelepi-
pedic shape, as shown in Fig.1 showing the appearance
of the device from the front side. In the present digital
camera device 1, a shutter button 3, an objective lens 4
and a flash device 5 are mounted on an upper portion of
a casing 2. The shutter button 3 can be pressed with an
index finger of the user’s right hand.

[0011] On a lateral surface 6 of the casing 2 of the
digital camera device 1 is mounted an opening/closing
lid 7. From the lateral surface 6, a floppy disc cartridge
8 holding a floppy magnetic disc 9 of the size of 3.5 inch
can be loaded into the inside of the casing 2. This floppy
magnetic disc 9 is referred to herein simply as a magnetic
disc 9. Specifically, as shown in Fig.2 showing the ap-
pearance from the back side of the digital camera device
1, there is arranged in the inside of the casing 2 a floppy
disc drive 32 which will be explained subsequently in de-
tail. The floppy disc cartridge 8 is inserted via a cartridge
inserting opening 32a of the floppy disc drive 32 from the
side of a shutter 8a.

[0012] On the back side of the casing 2 of the digital
camera device 1is mounted a liquid crystal display panel
(LCD panel) 11 on which an object is displayed during
photographing. If, in the digital camera device 1, the ob-
ject is photographed by pressing the shutter button 3,
there are recorded on a magnetic disc 9 in the floppy disc
cartridge 8 loaded on the floppy disc drive 32 picture data
of the object (main picture data) and thumbnail picture
data operating as an index for the main picture data, in
the form of files having extensions [.JPG] and [.JPG],
respectively.

[0013] During reproduction of the main picture data af-
ter photographing the object, a thumbnail picture for
thumbnail picture data recorded on the magnetic disc 9
is displayed for a pre-set number of pictures, such as six
pictures, on the LCD display 11. If a particular one of the
thumbnail pictures is designated, the main picture data
corresponding to the thumbnail picture are read out from
the magnetic disc 9 so as to be displayed on the LCD
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panel 11.

[0014] The digital camera device 1 can erase unneed-
ed main picture data and the thumbnail picture data re-
corded on the magnetic disc 9 or change the arraying
manner of the thumbnail pictures displayed on the LCD
panel 11, by way of a variety of editing operations.
[0015] Thatis, in the present digital camera device 1,
a variety of actuating buttons/switches 12a, 12b, 12c,
12d, 12e, 12fand 12g are arranged around the LCD panel
11. By actuating these operating buttons, zooming during
photographing, designation of particular thumbnail pic-
tures during reproduction or data erasure can be execut-
ed by way of editing operations.

[0016] The opening/closure of the opening/closing lid
7 can be achieved by vertically moving an opening/clo-
sure actuator 13 for cancelling or holding the engaged
state of engagement pawls 14a, 14b interlocked with the
opening/closure actuator 13 with engagement portions
7a, 7b of the opening/closing lid 7.

[0017] The circuit configuration of the digital camera
device 1 is hereinafter explained. Referring to Fig.3, the
present digital camera device 1 includes a CCD21, as a
photographing element, a sainple-and-hold/analog-to-
digital circuit, abbreviated hereinafter to a sample-and-
hold circuit 22, a camera signal processing circuit 23, a
DRAM 24 and a DRAM controller 25. The digital camera
device 1 also includes a panel signal processing circuit
26, an actuating input unit 27, a micro-computer 28, a
floppy disc controller or FDC 31 1 and the floppy disc
drive or FDD 32, already explained with reference to Fig.
2. The panel signal processing circuit 26 furnishes RGB
signals to the LCD panel 11. The digital camera device
1 also includes a flash memory 29 as an additional con-
stituent element. The DRAM 24, DRAM controller 25,
micro-computer 28, flash memory 29 and the FDC 31
are interconnected over a common bus.

[0018] In the digital camera device 1, light rays from
an object are passed through the objective lens 4 and
received by the CCD 21 so as to be thereby converted
into electrical signals. An output signal from the CCD 21
is sample-held by the sample-and-hold circuit 22 and
subsequently converted by A/D conversion into 10-bit
digital signals. The converted 10-bit signals are sent to
the camera signal processing circuit 23.

[0019] The camera signal processing circuit 23 proc-
esses the 10-bit digital signals supplied from the sample-
and-hold circuit 22 in a pre-set manner to output the proc-
essed signals to the DRAM controller 25. The camera
signal processing circuit 23 in the present embodiment
generates 8-bit luminance signals Y and 4-bit chroma
signals C from the input signal to output the signals Y
and C to the DRAM controller 25.

[0020] The DRAM controller 25 directly sends the lu-
minance signals Y and the chroma signals C from the
camera signal processing circuit 23 to the panel signal
processingcircuit 26. Ifthe CCD 21 is not of the tetragonal
lattice structure, the camera signal processing circuit 23
forms the luminance signals Y and the chroma signals
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C into signals of the tetragonal lattice structure to send
the resulting signals to the panel signal processing circuit
26, which then generates red signals R, green signals G
and blue signals B from the input luminance signals Y
and chroma signals C to output the R, G and B signals
to the LCD panel 11. This displays an image of the pho-
tographing object on the LCD panel 11.

[0021] The DRAM controller 25 also causes the lumi-
nance signals Y and the chroma signals C from the cam-
era signal processing circuit 23 in pre-set areas of the
DRAM 24 under control from the camera signal process-
ing circuit 23. The DRAM 24 is made up of two 4 MB
DRAMs, and thus has a storage area of 8 MBs.

[0022] Theactuatinginputunit27 detects the actuation
contents of the shutter button 3 and the actuating buttons/
switches 12a to 12g to output the detected signals as
actuating signals to the micro-computer 28.

[0023] The micro-computer 28 is of the reduced in-
struction set computer RISC type capable of high-speed
processing, andincludes aread-only memory (ROM) 28a
holding on memory a software program for controlling
the respective blocks. The micro-computer 28 is respon-
sive to actuating signals from the actuating input unit 27
to cause the software program in the ROM 28a to be
executed to perform the processing such as picture com-
pansion or file management during the photographing,
reproduction and editing.

[0024] Specifically, the micro-computer 28 causes the
luminance signals Y and the chroma signals C to be
stored during photographing of an objectin a pre-setarea
of the DRAM 24 from the DRAM controller 25 in order to
compress the stored luminance signals Y and chroma
signals C in accordance with the JPEG (Joint Photo-
graphic Coding Experts Group) system. The micro-com-
puter 28 also causes the data compressed in accordance
with the JPEG system to be written in an area different
from the above-described area of the DRAM 24 as JPEG
stream data. The micro-computer 28 also causes JPEG
stream data to be read out from the DRAM 24 to convert
the JPEG stream data into MS-DOS (Microsoft Disc op-
erating System, a trademark owned by MICROSOFT
INC) format data to supply the converted data to the FDC
31. The micro-computer 28 controls the FDC 31 in order
to write the data converted into the MS-DOS format data
on a magnetic disc 9 of the floppy disc cartridge 8 loaded
on the floppy disc drive 32.

[0025] Fig.4 shows the address space of the micro-
computer 28. In Fig.4, the micro-computer 28 has an area
0000000~0ffffff as an area of an enclosed ROM, an area
2000000~2ffffff as an area for the FDC 31, an area
5000000~5ffffff as an area the enclosed peripheral mod-
ule, an area 9000000~9ffffff as an area for the DRAM 24,
an area e000000~effffff and an area f000000~fffffff as an
area for the enclosed RAM.

[0026] Fig. 5 shows a data area for the above-men-
tioned DRAM 24 of a sum total of 8 MBs. The DRAM 24
has an area 9f00000-9f77fff of 491025 bytes as an orig-
inal picture data storage area for storage of picture data
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for a sole main picture displayed on the LCD panel 11
(referred to hereinafter as area A). The DRAM 24 also
has an area 9f78000~9f7ffff of 32768 bytes as a com-
pression-expansion operating area for compression of
the original picture data or expansion to original picture
data (referred to hereinafter as area B). This area B also
operates as an area for generating thumbnail data from
the original picture data.

[0027] The DRAM 24 has an area 9f80000~9f87fff of
32768 bytes as a main routine common area as an op-
erating area for the micro-computer 28 to execute a main
routine during recording and reproduction (referred to
hereinafter as area C), as will be explained in detail sub-
sequently.

[0028] The DRAM 24 has an area 9f88000~9f8ffff of
32768 bytes allocated to a thumbnail picture storage area
for storage of the file for thumbnail picture data (referred
to hereinafter as area D), while having an area
9f90000~9fcffff of 262144 bytes and an area
9fd0000~9ffffff of 19608 bytes allocated to a thumbnail
image storage area for storage of thumbnail picture data
(referred to hereinafter as area E) and to a JPEG file
image storage area for storage of a file of main picture
data generated under compression in accordance with
the JPEG system (referred to hereinafter as area F), re-
spectively.

[0029] Moreover, the digital camera device 1 includes
an acceleration sensor 33 for detecting the impact from
outside, an amplification circuit 34 for amplifying an out-
put signal from the acceleration sensor 33 and a flip-flop
35 for setting an output signal from the amplification cir-
cuit 34. The acceleration sensor 33 outputs a detection
signal in case of detection of an impact exceeding a pre-
set G-value in a manner as will be explained in detail
subsequently.

[0030] An output of the flip-flop 35 is supplied not only
to the micro-computer 28 but also to the floppy disc drive
32 via one of input terminals of an AND gate 36. The
micro-computer 28 also outputs a reset signal to the flip-
flop 35.

[0031] The AND gate 36 has its opposite side input
terminal connected to an output side of the FDC 31 for
control signals and has its output terminal connected to
the floppy disc drive 32 so as to perform the function as
agate (W gate) forissuing a permit/non-permit command
for the recording operation by the floppy disc drive 32,
as shown in Fig.4. The acceleration sensor 33 will be
explained in detail subsequently.

[0032] The control operation during data recording in
the digital camera device 1 is hereinafter explained with
reference to Fig.7.

[0033] At step S1 after power up, the micro-computer
28 judges whether or not the floppy disc cartridge 8 has
been loaded in position. If the floppy disc cartridge 8 is
judged to have been loaded in position, the micro-com-
puter 28 proceeds to step S9 and, if otherwise, to step S2.
[0034] At step S2, the micro-computer 28 causes the
LDC panel 11 to display "no disc" by way of an alarm to
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the user, and is in a standby state until the floppy disc
cartridge 8 is loaded in position.

[0035] At step S3, the micro-computer 28 detects
whether or not write protection is applied to the floppy
disc cartridge 8, in order to judge whether or not writing
on the magnetic disc 9 is possible. If the write protection
is applied to the floppy disc cartridge 8, the micro-com-
puter 28 proceeds to step S4 and, if otherwise, to step S5.
[0036] At step S4, the micro-computer 28 issues an
alarm to the effect that writing cannot be made to termi-
nate the processing. Specifically, a legend such as "disc
protect" is displayed on the LCD panel 11.

[0037] Atstep S5, the micro-computer 28 controls the
FDC 31 to reproduce a track 00 on the outermost rim of
the magnetooptical disc 9 by the floppy disc drive 32 to
read data recorded in the route directory in this track or
in the file allocation table (FAT) area to extract the infor-
mation such as the filename or the address present in
the data area of the magnetic disc 9.

[0038] At the next step, the micro-computer 28 formu-
lates a file list table in which to list the various items of
the information extracted at step S5. The micro-computer
28 then lists the various sorts of the information extracted
at step S5 before proceeding to step S7.

[0039] At step S7, the micro-computer 28 checks
whether or not the magnetic disc 9 is formatted in ac-
cordance with the DOS/V style. If the result is affirmative,
the micro-computer 28 proceeds to step S9 and, if oth-
erwise, to step S8.

[0040] Atstep S8, to whichthe micro-computer 28 pro-
ceeds if the magnetic disc 9 is not formatted in accord-
ance with the DOS/V style, the micro-computer 28 caus-
es the legend "disc error" to be displayed on the LCD
panel 11 to terminate the processing.

[0041] The micro-computer 28 is in a standby state at
step S9 until release input. That is, the micro-computer
28 is in a standby state at step S9 until pressing of the
shutter button 3 and proceeds to step S 10 when the
shutter button 3 is pressed.

[0042] Atstep S10,the micro-computer 28 causes pic-
ture data obtained on photographing an objectin the area
A of the DRAM 24 shown in Fig.5 to retrieve the main
picture.

[0043] At the next step S11, the micro-computer 28
compresses the picture data stored in the area A of the
DRAM 24 in the area B in accordance with the JPEG
system to generate main picture data, which is then
stored in a file style in then area F of the DRAM 24.
[0044] At the next step S12, the micro-computer 28
decimates the main picture data, retrieved at step S 10,
to a pre-set data volume on the pixel basis in order to
generate thumbnail picture data as sub-samples of the
main picture. These thumbnail picture data are stored in
the file style in the area B of the DRAM 24. Meanwhile,
the digital camera device 1 decimates the data so that
the thumbnail picture file will be of a pre-set capacity.
[0045] At the next step S13, the micro-computer 28
before proceeding to recording of each data refers to the
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above-mentioned file list table in order to check the re-
sidual recording capacity of the magnetic disc 9. The mi-
cro-computer 28 compares the residual recording capac-
ity to the sum of the recording capacity of the main picture
data stored in the area F at step S11 and that of the
thumbnail picture data stored in the area E at step S12
in order to check whether or not the residual capacity of
the magnetic disc 9 suffices. If the residual capacity is
judged to be sufficient, the micro-computer 28 proceeds
to step S 15 and, if otherwise, to step S14.

[0046] At step S14, the micro-computer 28 causes the
legend "disc full" to be displayed on the LCD panel 11 to
issue an alarm to the user to terminate the processing.
[0047] At step S 15, the micro-computer 28 refers to
the file list table to check the number of files already re-
corded on the magnetic disc 9 in order to judge whether
or not limitations are imposed on the number of files.
Specifically, it is judged whether or not limitations are
imposed in case of adding the filenames of two files,
namely the main picture file and the thumbnail picture
file, to the track 00 of the magnetic disc. If limitations are
imposed, that is if filenames can no longer be added, the
micro-computer 28 proceeds to step S16. If otherwise,
the micro-computer 28 proceeds to step S 17.

[0048] Atstep S16, asatstep S14,the micro-computer
28 causes the legend "disc full" to be displayed on the
LCD panel 11 in order to issue an alarm to the user to
terminate the processing. That s, at steps S 13 and S15,
it is judged whether or not, with the current state of the
magnetic disc 9, the main picture file and the thumbnail
picture file can be recorded in the disc.

[0049] Atstep S 17, the micro-computer 28 formulates
filenames of both the main picture file and the thumbnail
picture file. The filename of the first main picture file is
"MVS-001S.JPG", as shown in Fig.8. On the other hand,
the filename of the first thumbnail picture file associated
with the main picture file is "MVS-001S.411". Specifically,
"JPG" and "411" stand for extensions of the main picture
file and the thumbnail picture file, respectively, with the
main picture file and the thumbnail picture file being the
same except these extensions.

[0050] It is noted that "MVC-" stands for the fixed ap-
pellation used for each main picture file and each thumb-
nail picture file in common, while "001" stands fro serial
number. The above-mentioned file list table is referred
to in order to affix different numerals for the main picture
files and the thumbnail picture files. The serial numbers
range from 001 to 999, with the number obtained on add-
ing 1 to the largest number on the disc being a new
number. If, on referring to the fie list table, there is a main
picture file or a thumbnail picture file having the serial
number 999, unused numbers from 001 are allocated.
[0051] Further, "S" stands for the degree of data com-
pression of the main picture files and, in the present case,
means that the main picture file is a file of data obtained
on standard data compression. If the main picture file is
data obtained on compression for high picture quality,
this portion of the filename is "F".
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[0052] At the next step S18, the micro-computer 28
formulates a main picture file allocation for recording the
main picture file in a pre-set area of the magnetic disc 9.
Specifically, an area is secured beginning from the outer
rim of the magnetic disc 9 in order to set and hold on
memory the area for recording the main picture file.
[0053] At the next step S 19, the micro-computer 28
controls the FDC 31 to write the main picture file by the
floppy disc drive 32 in the area on the magnetic disc 9
as set at step S18.

[0054] At the next step S20, the micro-computer 28
formulates a thumbnail picture file allocation for recording
the thumbnail picture file in a pre-set area of the magnetic
disc 9. Specifically, the micro-computer 28 secures an
area beginning from the inner rim of the magnetic disc 9
to set and hold on memory the area for recording the
thumbnail picture file.

[0055] At the next step S21, the micro-computer 28
controls the FDC 31 to write the thumbnail picture file by
the floppy disc drive 32 in the area on the magnetic disc
9 as set at step S20.

[0056] At the next step S22, the micro-computer 28
controls the FDC 31 to write in the route directory area
and the file allocation table (FAT) area on the magnetic
disc 9 by the floppy disc drive 32 the information on the
filenames, recording time and file size of the main picture
files and the thumbnail picture files recorded at step S
19 and S21. This is illustrated in Fig.9 in which the main
picture files and the thumbnail picture files are the same
in filenames except the extensions, with the ultimate ed-
iting time, herein the recording time, of the two files being
also coincident. It is noted that the thumbnail picture files
are of afixed file size 0of 4806 bytes, while the main picture
files are of variable file sizes depending on picture com-
plexity.

[0057] At step S24, the micro-computer 28 transfers
the thumbnail picture files from the area B of the area F
of the DRAM 24. After the end of the processing at step
S24, the micro-computer 28 reverts to the release input
waiting state of step S9, and repeats the processing from
step S9 to step S24 subject to the release input.

[0058] By the above-described processing, the main
picture file and the thumbnail picture file are recorded
from both ends of the disc, as shown in Fig.10A. For
convenience in illustration, the filenames of the main pic-
ture files and the thumbnail picture files are abbreviated
to AJPG, B.JPG, ... and A.411, B,411, ..., respectively.
Fig.10A shows how thumbnail picture files A.411, B.411,
C.411 and D.411 are recorded when four main picture
A.JPG, B.JPG, C.JPG and D.JPG files associated there-
with are recorded in this order.

[0059] That is, in the present digital camera device 1,
the main picture files are sequentially recorded and ar-
rayed, beginning from the leading end of the disc data
area, at the same time as the thumbnail picture files are
sequentially recorded beginning from the trailing end of
the data area. Meanwhile, the recording direction of the
individual thumbnail picture files, that is the data writing

10

15

20

25

30

35

40

45

50

55

direction, is the same as the recording direction of the
main picture files.

[0060] When recording data on the magnetic disc 9 in
the non-recorded vacant state, the main picture files and
the thumbnail picture files are alternately recorded in
physically discrete areas of the magnetic disc 9, while
the thumbnail picture data are continuously recorded
from one end of the data area of the magnetic disc 9, so
that plural thumbnail picture data can be read out prompt-
ly as if the data are a sole file, thus significantly reducing
the readout time.

[0061] Also, since the thumbnail picture data only are
recorded in a lump state, redundant data processing is
eliminated. Moreover, since itis unnecessary for the main
picture file to have the thumbnail information, there is no
necessity for having dependence upon the file format of
the main picture file.

[0062] As for the digital camera device 1, since the
main picture files are recorded beginning from the posi-
tion on the disc opposite to the thumbnail picture files,
there is only one comprehensive vacant area on the mag-
netic disc 9 to allow for effective utilization of the entire
data area of the magnetic disc 9 during data recording.
[0063] Meanwhile, since the magnetic disc 9, on which
the respective data have been recorded by the present
digital camera device 1, conforms to the MS-DOS format,
data can be copied as usual by the DiscCopy command.
[0064] Fig.10B shows the case in which E.JPG as the
fifth main picture file and E.411 as the thumbnail picture
file of this main picture file have been additionally record-
ed beginning from the state of Fig.10A. Since there is
some other data in this case downstream of the fourth
main picture file D.JPG on the magnetic disc 9, the prob-
ability is high that the fifth thumbnail picture file E.411
shall be recorded in continuation to D.411 even if the
recorded fifth main picture file E.JPG is not consecutive
to D.JPG. Since the files are usually recorded with the
floppy disc drive beginning from the outer rim of the disc,
it is a frequent occurrence that the inner rim side of the
disc is in an intact state.

[0065] Moreover, since the thumbnail picture file has
a fixed capacity, the thumbnail picture file F.411, which
should be recorded next to the thumbnail picture file C.
411, deleted by editing, can be recorded in an area in
which this thumbnail picture file C.411 was previously
recorded. With the present digital camera device 1, if a
specified thumbnail picture file is erased to produce a
non-consecutive area for the thumbnail picture files on
the magnetic disc 9, a new thumbnail picture file is re-
corded at the same time on the occasion of nextrecording
in the non-consecutive area produced due to erasure of
the thumbnail picture file. This recording method assures
continuity of the respective thumbnail picture files on the
magnetic disc 9, as will be explained in detail by taking
specified examples.

[0066] The readout control of the thumbnail picture file
at the time of reproduction with the digital camera device
1 is explained with reference to Fig.11.
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[0067] In the digital camera device 1, the series of op-
erations of steps S31 to S40, as now explained, are ex-
ecuted after entering the thumbnail readout mode.
[0068] The micro-computer 28 controls the FDC 31 at
step S31 to cause the floppy disc drive 32 to reproduce
the track 00 at the outermost side of the magnetic disc 9
to start reading out the information on the thumbnail files.
The micro-computer 28 then proceeds to step S32.
[0069] Atthisstep S32,the micro-computer 28 extracts
file names of the effective thumbnail picture files. Spe-
cifically, the micro-computer 28 refers to the route direc-
tory area of the track 00 and the file allocation table (FAT)
areato search the relation between the thumbnail picture
files and the main picture files in order to judge whether
or not the thumbnail picture file is effective based on pos-
sible presence of the associated main picture file and in
order to extract only the filenames of the effective thumb-
nail picture file. If the check into the relation between the
thumbnail picture files and the main picture files reveals
that there is no thumbnail picture file associated with the
pre-set main picture file, the micro-computer 28 records
the information such as the filenames of the main picture
file.

[0070] At the next step S33, the micro-computer 28
controls the FDC 31 to array the filenames of the extract-
ed effective thumbnail picture files in the order of physical
addresses of the magnetic disc 9.

[0071] At the next step S34, the micro-computer 28
formulates a thumbnail management table configured for
relating the address of each thumbnail picture file with
the main picture files as will be explained subsequently
in detail. If there is no thumbnail picture file associated
with the pre-set main picture file, as discussed in con-
nection with the step S32, a blank image file, which will
be explained in detail subsequently, is allocated to the
pre-set main picture file on the occasion of formulation
of the thumbnail management table.

[0072] At the next step S35, the micro-computer 28
controls the FDC 31 to read out by the floppy disc drive
32 one of the thumbnail picture files located on the outer
rim of the magnetic disc 9 in order to store the read-out
thumbnail picture file in a pre-set area of the DRAM 24.
The micro-computer 28 then proceeds to step S36.
[0073] Atthis step S36, the micro-computer 28 judges
whether or not the processing at step S35 has come to
a close normally, that is whether or not a sole thumbnail
picture file has been read out normally. If the processing
is found to have come to a close normally, the micro-
computer 28 proceeds to step S38 and, if otherwise, to
step S37.

[0074] At step S37, to which the micro-computer 28
proceeds after finding that the processing at step S36
has not been terminated normally, the micro-computer
28 performs the processing on the assumption that there
is no thumbnail picture file. The micro-computer 28 then
proceeds to step S38. Specifically, the micro-computer
28 modifies the thumbnail management table and sets a
pointer of establishing association with the above-men-

10

15

20

25

30

35

40

45

50

55

tioned blank image.

[0075] At step S38, the micro-computer 28 judges
whether or not the thumbnail picture files have been read
out up to the last file. If the result is affirmative, the micro-
computer 28 proceeds to step S38 to terminate the
processing and, if otherwise, the micro-computer 28 pro-
ceeds to step S39.

[0076] At step S39, the micro-computer 28 prepares
for reading out the next thumbnail picture file before re-
verting to the above-mentioned step S35. Thus, the mi-
cro-computer 28 repeats the processing from step S35
to step S39 until reading all effective thumbnail picture
files.

[0077] The operation in case data have been deleted
from the magnetic disc is explained by referring to the
drawings. For convenience in explanation, the filenames
of the main picture files and the thumbnail picture files
are abbreviated to 001.JPG, 002.JPG, ...and 001.411,
002.411, ..., respectively.

[0078] Fig.12 shows hysteresis concerning data re-
cording and deletion on or from a given magnetic disc
9a. That is, in this magnetic disc 9a, a thumbnail picture
file 005.411 associated with the fifth main picture file
005.JPG, has not been recorded by some reason at the
time of recording of the fifth main picture file, as shown
in Fig.12. With the present magnetic disc 9a, the main
picture file 003.JPG and the associated thumbnail picture
file 003.411 are deleted after recording the main picture
files 001.JPG to 009.JPG and the associated thumbnail
picture files 001.411 to 009.411 excluding 005.411 and
the main picture file 010.JPG and the associated thumb-
nail picture file 010.411 are recorded after this deletion.
[0079] The operation during reproduction of the
present magnetic disc 9a is explained by referring to the
flowchart of Fig. 11.

[0080] At step S31, reproduction of the track 00 of the
magnetic disc 9a is started by the floppy disc drive 32.
[0081] At step S32, 001.411, 002.411, 004.411,
006.411, 007.411, 008.411, 009.411 and 010.411 are
extracted as filenames of effective thumbnail picture files.
Since there is no thumbnail picture file (005.411) asso-
ciated with the main picture file 005.JPG, a pointer is set
at the filename of the main picture file 005.JPG.

[0082] At the next step S33, the filenames of the ex-
tracted effective thumbnail picture files are re-arrayed in
the order of the physical addresses in the magnetic disc
9. In this case, the re-arraying sequence is 009.411,
008.411, 007.411, 006.411, 004.411, 010.411, 002.411
and 001.411. That is, since the thumbnail picture files
are recorded beginning from the innermost rim of the
magnetic disc 9a and 010.411 is recorded after deleting
003.JPG and 003.411, the thumbnail picture file 010.411
is recorded in an area between the thumbnail picture files
004.411 and 002.411.

[0083] At step S34, the thumbnail management table
shown for example in Fig.8 is formulated. This thumbnail
management table has columns for file numbers, main
picture files and the associated thumbnail addresses. In
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the present embodiment, the columns of the file numbers
and the main picture files are arrayed in the recording
sequence of the main picture files. In the column of the
associated thumbnail addresses is stated the leading ad-
dress in the area E for storage in this area of the DRAM
24 in accordance with the sequence of the re-arraying
performed at step S33. As for the main picture file
005.JPG, for which there lacks the associated thumbnail
picture file, a leading address of, for example, 0, is re-
corded as the leading address of the area on the DRAM
24 in which is stored the blank image file.

[0084] At the next step S35, the thumbnail picture file
009.411, located at the outer rim of the magnetic disc 9a,
is read out and stored in an area up to an address number
of a~b-1 of the area E in the DRAM 24. At step S36, itis
judged that this thumbnail picture file has been read out
normally. If the thumbnail picture file 009.411 has not
been read out normally at step S35, the column of the
address of the associated thumbnail in the thumbnail
management table is rewritten at step S37 to 0.

[0085] At step S38, it is not all thumbnail picture files
that are read out. Thus, processing transfers to step S39
to repeat the processing at steps S35 to S39 so that the
thumbnail picture files are stored in the area E of the
DRAM 24 in the sequence of 008.411,007.411, 006.411,
004.411, 010.411, 002.411 and 001.411, as shown in
Fig.9.

[0086] Since the thumbnail picture file 005.411 has not
been recorded in the magnetic disc 9a, 006.411 is read
after 004.411 in the pre-set area of the DRAM 24. Since
there is the main picture file devoid of the thumbnail pic-
ture file on the magnetic disc 9a, a blank image displayed
in place of the thumbnail file in the absence thereof is
stored in a pre-set area (area a~b-1 in Fig.14) of the
DRAM 24.

[0087] After all of the thumbnail picture files in the mag-
neticdisc 9a have been stored in the DRAM 24, the micro-
computer 28 controls the DRAM controller 25 and the
panel signal processing circuit 26 for displaying six
thumbnails on the LCD panel 11. Reference is had at this
time to the thumbnail management table in order to dis-
play the thumbnails on the LCD panel 11.

[0088] This causes six thumbnails to be displayed on
the LCD panel 11, as shown in Fig.15. Since there is no
thumbnail picture file associated with 05.JPG, the filena-
me of the main picture may be displayed in a grey picture
having the same size as other photographed pictures.
[0089] With the digital camera device 1, the main pic-
ture file associated with one of the six displayed thumb-
nails is read out from the magnetic disc 9a based on the
actuating signals of the actuating input unit 27. This main
picture file is stored in a pre-set area of the DRAM 24
and expanded by the micro-computer 28 in accordance
with the JPEG system for display subsequently on the
LCD panel 11 to an enlarged size.

[0090] The internal mechanical structure of the digital
camera device 1 is now explained. Referring to Fig.16,
the casing 2 of the digital camera device 1 can be ex-
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ploded into a front side half 2a and a rear side half 2b.
Inthese frontand rear side halves 2a and 2b are arranged
a circuit substrate 41, a chassis 42 and the floppy disc
drive 32. Specifically, the circuit substrate 41, chassis 42
and the floppy disc drive 32 are in the form of substantially
co-extensive rectangles and arranged in the inside of the
casing 2 so that the rectangles overlap with one another.
[0091] More specifically, the circuit substrate 41 has
its four corners secured by plural set screws 43 on one
of the major surfaces of the chassis 42 facing the front
side half 2a, as shown in Fig.16. Also, the floppy disc
drive 32 is mounted via four buffer members 45, 46, 47
and 48 for facing the opposite side major surface of the
chassis 42 facing the rear side half 2b. The chassis 42,
carrying the circuit substrate 41 and the floppy disc drive
32, is secured to the front side half 2a of the casing 2 by
set screws 44 from the upper side and from the lateral
side by set screws, not shown.

[0092] The circuit substrate 41 is substantially rectan-
gular in shape in its entirety and has a variety of chips,
such as LSls, operating as blocks of the circuit shown in
Figs.3 and 6. On the major surface 41a of the circuit sub-
strate 41 facing the rear side half 2b is mounted the
above-mentioned acceleration sensor 33 having a sub-
stantially rectangular profile, as shown in Fig.6. Specifi-
cally, the acceleration sensor 33 is mounted at an ap-
proximately lower rightward side of the major surface 41a
of the circuit substrate 41 so that the long side of a sub-
stantially rectangular casing 61 is at an angle of approx-
imately 45° relative to a lower side 41b of the circuit sub-
strate 41, as shown in Fig. 17. The acceleration sensor
33 will be explained further in detail subsequently.
[0093] The chassis 42 is molded from metal, such as
stainless steel, and has its major surface 42a recessed
significantly. An upper flange 42b, a lower flange 42c and
a side flange 42d are formed from the upper edge, lower
edge and the right-side edge (Fig.16) of the major surface
42a of the chassis 42, respectively, in a direction facing
the rear side half 2b.

[0094] The floppy disc drive 32 is of a thin type of a so-
called 1/2 height having a casing 32 of metal. This floppy
disc drive 32 is mounted on the chassis 42 by set screws
via the four buffer members 45, 46, 47 and 48. Specifi-
cally, the upper flange 42b and the lower flange 42c of
the chassis 42 and the buffer members 45 to 48 are pro-
vided with bores adapted to be passed through by set
screws 49 to 52. These set screws 49 to 52 are passed
through these bores and screwed into tapped holes
formed in the corresponding positions of the floppy disc
drive 32 for securing the floppy disc drive 32 to the chassis
42.

[0095] Referringto Fig.18, showing the mounting state
of the circuit substrate 41 and the floppy disc drive 32 to
the chassis 42 looking from the side of the cartridge in-
serting opening 32a, the casing 32b of the floppy disc
drive 32 is not directly contacted with the major surface
42a of the chassis 42, such that the vibrations or impacts
applied to the chassis 42 are transmitted via the buffer
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members 45 to 48 to the floppy disc drive 32. As for the
relation between the chassis 42 and the circuit substrate
41, since the circuit substrate 41 has its four corners se-
cured to the major surface 42a of the chassis 42 by set
screws 43, the vibrations or impacts applied to the chas-
sis 42 are directly transmitted to the circuit substrate 41.
[0096] The buffer members 45 to 48 function to delay
the time which elapses until the impact applied to the
casing 2 from outside is transmitted to the floppy disc
drive 32, and are formed of a relatively soft material, such
as rubber, sponge, silicon or soft plastics. The buffer
members 45 to 48 also function to weaken the impact
applied to the casing 2 to some extent to transmit the
thus weakened impact to the floppy disc drive 32.
[0097] Inthe presentembodiment, the floppy disc drive
32 and the casing 2 are interconnected via the chassis
42. Alternatively, the floppy disc drive 32 and the casing
2 may also be interconnected without interposition of the
chassis 42. In this case, it suffices if the casing 2 is pro-
vided with bores for traversing by the set screws 49 to
52 and the floppy disc drive 32 is mounted on the casing
via the buffer members 45 to 48 by inserting the set
screws 49 to 52 into these bores.

[0098] Referring to the see-through perspective view
of Fig.19, an impact detection plate 62 for detecting the
impact is arranged in the inside of the casing 61 of the
acceleration sensor 33. This impact detection plate 62 is
substantially rectangular in profile in its entirety. Specif-
ically, the impact detection plate 62 is formed as a thin
girder by two piezoelectric ceramic plates 62a, 62b hav-
ing electrodes at mid positions on its major surface, as
shown in Fig.20. The impact detection plate 62 has its
longitudinal ends secured within the casing 61 and has
the mid portions of the major surface thereof movable
within the casing 61. Thus, if an impact is applied in the
in-plane direction of the impact detection plate 62, this
impact detection plate 62 is warped arcuately to issue a
signal proportionate to the intensity of the applied impact.
[0099] This impact detection plate 62 is arranged in
the inside of the casing 61 so that its long sides are par-
allel to the long side of the casing 61 and so that its both
major surfaces are inclined at an angle of 45° to the bot-
tom surface 63 of the casing 61, as shown in Fig.19. The
bottom surface 63 represents the attachment surface to
the circuit substrate 41.

[0100] By mounting the acceleration sensor 33 so that
the long side of the casing 61 is inclined 45° relative to
the lower side 41b of the major surface 41a of the circuit
substrate 41, as shown in Fig. 17, impacts applied from
a variety of directions can be detected. Meanwhile, it has
been confirmed experimentally that, by mounting the ac-
celeration sensor 33 at this angle, impact detection sig-
nals of a uniform strength an be obtained without regard
to the direction of application of the impacts. That is, in
the digital camera device 1, since the acceleration sensor
33 is mounted so that the major surface of the impact
detection plate 62 of the acceleration sensor 33 will be
approximately at an angle of 45° relative to the three axes

10

15

20

25

30

35

40

45

50

55

X, Y and Z shown in Fig.16 in case the casing 2 is used
in the basic position shown in Figs.1 and 2, the impacts
from the axial directions of X, Y and Z can be detected
uniformly, such that a sufficient function can be manifest-
ed by a sole acceleration sensor.

[0101] Fig.21 shows the mechanism around a mag-
netic head arranged in a casing 32b of the floppy disc
drive 32. Within the casing 32b of the floppy disc drive
32 is mounted a head actuator 70, as shown in Fig.21A.
This head actuator 70 includes a head arm 73 formed
as-one with upper and lower arm members 71, 72, upper
and lower magnetic heads 74 (74a, 74b) mounted on the
distal ends of the arm members 71, 72, a feed motor 75
for moving the head arm 73 and a feed screw 76 mounted
on a rotor of the feed motor 75. The head actuator 70
also includes a pin 77 mounted on the distal end of the
arm member 73 for engagement with a spiral groove 76a
formed in the feed screw 76 and a guide shaft 79 mounted
in a through-hole 78 formed in the arm member 72 for
guiding the movement of the head arm 73.

[0102] The arm members 71, 72 are molded from, for
example, synthetic resin, and has upper and lower paired
magnetic heads 74, 74 at the distal ends thereof, these
magnetic heads being positioned on both sides of the
major surfaces of the magnetic disc 9, as shown in Fig.
21B. Although not shown, a spindle motor for rotationally
driving the magnetic disc 9 is mounted below the mid
position of the major surface of the magnetic disc 9.
[0103] Withthe above-described head actuator 70, the
magnetic head 74 is slid against the major surface of the
magnetic disc 9, run in rotation by the spindle motor, for
applying a magnetic field on the recording track of the
magnetic disc or detecting magnetic signals recorded on
the recording track of the magnetic disc in order to record
or reproduce main picture data or thumbnail picture data.
[0104] The head arm 73 of the head actuator 70 is
reciprocated along a guide shaft 79 in the radial direction
of the guide shaft 79, that is in the direction indicated by
arrow in Figs.21A and 21B. Specifically, when the feed
motor 75 is rotated a pre-set rotational angle, the head
arm 73 is moved track-by-track on the recording tracks
formed on the magnetic disc 9. If a strong impact is ap-
plied to the floppy disc drive 32 in its entirety, the casing
32b or the head arm 73 is flexed to cause position offset
of the magnetic heads 74a, 74b relative to the recording
track of the magnetic disc 9, or failure in contact, thus
causing erosion of neighboring tracks during data record-
ing or otherwise causing failure in writing on the current
track.

[0105] Inthe case of the 3.5 inch 1/2 height floppy disc
drive, as described above, it has been found by experi-
ments that the G-value of occurrence of writing errors for
the current recording tracks is 3G to 12G, with the G-
value of occurrence of the erosion to the neighboring
tracks being not less than 50G. It is therefore reasonable
to select the setting value for impact detection of the ac-
celeration sensor 33 to not less than approximately 50G
for preventing erosion to the neighboring tracks and to
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select the setting value for impact detection of the accel-
eration sensor 33 to a suitable value ranging between 3
and 12G for preventing error occurrence for the current
track as well. It has been found by experiments that an
optimum result can be obtained with the present digital
camera device 1 by selecting the setting value for impact
detection of the acceleration sensor 33 to 7G to 8G, in
particular to approximately 8G.

[0106] The operation ofthe acceleration sensor 33 and
the floppy disc drive 32 in case an impact is applied to
the casing 2 of the digital camera device 1 from outside
is explained with reference to Fig.22.

[0107] Inthe digital camera device 1, the track number
and the sector number on the magnetic disc 9 for record-
ing are set by the micro-computer 28 shown in Fig. 6 prior
to proceeding to recording respective data. The track
number is herein set to n. The micro-computer 8 then
controls the FDC31 to move the magnetic head 74 to the
track and sector positions by way of the seek operation.
[0108] At a time point tO corresponding to the end of
the seek operation, the micro-computer 28 outputs a re-
set signal to the flip-flop 35 to reset the output of the flip-
flop 35, at the same time as a control signals is outputted
from the FDC 31 to invert the output signal of the AND
gate 36 to permit the data recording in the FDD 32.
[0109] Then, recording data is supplied from the FDC
31 to the floppy disc drive 32 to supply the recording
current to the magnetic head 74 so that recording data
is written on pre-set sectors of the track n as from time
t1. The time between t0 and t1 stands for the rise time
until coming into operation of the floppy disc drive 32.
[0110] If an impact exceeding e.g., 8G is produced at
time t2, this impact is sequentially transmitted from the
casing 2 via chassis 42, circuit substrate 41 and the ac-
celeration sensor 33, which then outputs an impact de-
tection signal. This detection signal from the acceleration
sensor 33 is amplified by the amplification circuit 34 and
thence supplied to the flip-flop 35 to invert the output
thereof. The inverted output signal of the flip-flop 35 is
sent to the micro-computer 28 and to the AND gate 36.
This complements the output signal of the AND gate 36
to close the gate of the control signals from the FDC 31
forthe floppy discdrive 32. Thus, the control current ceas-
es to be supplied as from time t2 to the recording head
74 of the floppy disc drive 32, as shown in Fig.22.
[0111] Since the chassis 42 and the floppy disc drive
32 are interconnected via buffer members 45 to 48 adapt-
ed for delaying the impact transmission, this impact is
transmitted at a timing delayed from the transmission tim-
ing to the acceleration sensor 33, herein a pre-set timing
delayed from time t2. Since no recording current is sup-
plied at this timing to the magnetic head 74 of the floppy
disc drive 32, it becomes possible to prevent erosion to
neighboring tracks or failure in writing in the current track
even on occurrence of detracking of the magnetic head
74 by impacts.

[0112] That is, in the present embodiment, since the
time when the impact applied to the casing 2 is transmit-
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ted to the floppy disc drive 32 can be retarded, the impact
applied to the acceleration sensor 33 can be relatively
quickened thus compensating for the time delay required
for interrupting the recording current. In particular, if the
casing 2 or the chassis 42 is of high tenacity, the speed
at which the impact is transmitted to the magnetic head
74 of the floppy disc drive 32 is increased significantly,
such that the recording current interruption after detec-
tion of the acceleration sensor 33 cannot be achieved in
time. In such case, it is highly effective to interconnect
the floppy disc drive 32 and the casing 2 with interposition
of the buffer members 45 to 48, as shown in Figs. 16 and
18, because the impact transmission timing can then be
retarded to permit the function of the acceleration sensor
33 to be performed more effectively.

[0113] It has been confirmed experimentally that, in
the present embodiment, the time until the impact applied
to the casing 2 is transmitted to the floppy disc drive 32
is 11 msec = 5 sec.

[0114] If an output signal of the flip-flip 35, comple-
mented on occurrence of the impact, is fed to the micro-
computer 28 at time t2, the micro-computer 28 outputs
a control signal to the FDC 31 to move the magnetic head
74 to an original track of the track n by way of re-seeking
control.

[0115] At a time t3 when the re-seeking comes to a
close, a reset signal is outputted to the flip-flop 35. The
output signal of the flip-flop 35 is complemented at time
t4 corresponding to the decay time of the reset signal,
this complemented signal being sent to the micro-com-
puter 28 and to the AND gate 36. By the complemented
output signal being sent to the AND gate 36, the output
signal of the AND gate 36 is complemented at this time
t4 to open the gate to permit data recording by the floppy
disc drive 32.

[0116] The micro-computer 28 then controls the FDC
31 1 to supply the recording data from the FDC 31 to the
floppy disc drive 32, with the recording data as from the
recording start time t1 as the re-trial data. This furnishes
the recording current for the re-trial data to the recording
head 74 of the floppy disc drive 32 as from time t5, as
shown in Fig.22, thus causing the recording data to be
written as from the pre-set sector of the track n. Mean-
while, the time interval since time t4 until time t5 is the
rise time until actuation of the floppy disc drive 32.
[0117] The digital camera device 1 may be provided
with a flash memory 29, as shown in Fig.23. In the em-
bodiment of Fig.23, the DRAM 24, DRAM controller 25,
micro-computer 28, flash memory 29 and the FDC 31
are interconnected over a common bus. With this con-
figuration of the digital camera device 1, it is possible to
store a version-up program in the flash memory 29 for
version-up of the function of the digital camera device 1.
Specifically, the floppy disc cartridge 8 having recorded
therein a version-up program for compressing picture da-
ta by a system other than the JPEG system can be loaded
on the floppy disc drive 32 in order to get the program
read from the magnetic disc 9 into the flash memory to
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achieve function expansion.

[0118] That is, since each block in the digital camera
device 1 is controlled by the software program loaded in
the RAM 28a of the micro-computer 28, a variety of ver-
sion-up software programs can be stored in this flash
memory 29 so as to operate in place of or assist the
micro-computer 28.

Claims

1. A portable data recording device for recording data
on a disc-shaped recording medium (9), the record-
ing device comprising:

a disc drive (32) for recording data on the disc-
shaped recording medium (9), the disc drive (32)
comprising a head unit for recording data and a
head actuator unit (70) for positioning the head
unit, the disc drive (32) being provided inside a
casing (32b);

an acceleration sensor (33) mounted with re-
spect to the casing (32b) so as to detect an im-
pact applied to the casing (32b);

buffer members (45, 46, 47 and 48) interposed
between the disc drive (32) and the casing (32b);
and

control means (28) for controlling a recording
current supplied to the head unit according to
an impact detected based on detection results
from the acceleration sensor (33), the recording
current being interrupted if the impact is such
that a detected acceleration exceeds a pre-set
acceleration value.

2. A device according to claim 1, in which:

the disc-shaped recording medium is arranged
as sectors; and

the control means (28) is operable, in response
to the detection of an impact for which the de-
tected acceleration exceeds the pre-set accel-
eration value, to control the head actuator unit
(70) to start a re-seeking movement that moves
the head unit to a starting position of a sector.

3. A device according to claim 2, in which the control
means (28) is operable to reinstate the recording cur-
rent and to permit the disc drive (32) to record data
after completion of the re-seeking movement.

4. Adevice according to claim 3, in which the disc drive
is arranged to record data with respect to a recording
start time and a recording start position on the re-
cording medium and, following an interruption to the
recording current in response to an impact, the con-
trol means (28) restarts the recording of the data
from the recording start time and the recording start
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position on the recording medium (9).

A device according to any preceding claim, in which
the acceleration sensor (33) comprises an impact
detection plate (62) moulded substantially in the
shape of a rectangular plate and arranged so that
the major surface of the impact detection plate (62)
is inclined at an angle of substantially 45 degrees
relative to three orthogonal axes, a first axis of the
three orthogonal axes being along a direction parallel
to a moving direction of the head unit, and a second
axis being along a direction normal to the major sur-
face of the disc-shaped recording medium (9) that
is disposed in the disc drive (32).

A device according to any preceding claim, in which
the pre-set acceleration value is between 3 G and
12 G.

A device according to any preceding claim, in which
the casing (32b) comprises a chassis (42) and a cir-
cuit substrate (41) mounted to the chassis (42), and
in which the acceleration sensor (33) is mounted to
the circuit substrate (41).

A digital camera (1) comprising a device according
to any preceding claim.

A method of recording data on a disc-shaped record-
ing medium (9) in a portable data recording device
comprising a disc drive (32) provided inside a casing
(32b) and buffer members (45, 46, 47 and 48) inter-
posed between the disc drive (32) and the casing
(32b) and in which the disc drive (32) comprises a
head unit for recording data and a head actuator unit
(70) for positioning the head unit, the method com-
prising the steps of:

recording data on the disc-shaped recording
medium (9) in the disc drive (32);

detecting an impact applied to the casing (32b)
with an acceleration sensor (33) mounted with
respect to the casing (32b); and

controlling (28) a recording current supplied to
the head unit according to an impact detected
based on detection results from the acceleration
sensor (33), the recording current being inter-
rupted if the impact is such that a detected ac-
celeration exceeds a pre-set acceleration value.

10. A method according to claim 9, comprising the step

of controlling (28) the head actuator unit (70) to start
a re-seeking movement that moves the head unit to
a starting position of a sector after the detection of
the impact.

11. Amethod according to claim 10, comprising the step

of controlling (28) the recording of the data by the
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disc drive (32) after the re-seeking comes to a close.

A method according to claim 11, in which the disc
drive is arranged to record data with respect to a
recording start time and a recording start position on
the recording medium, the method comprising the
step of restarting the recording of the data from the
recording start time and the recording start position
on the recording medium (9) following aninterruption
to the recording current in response to an impact.

A method according to any one of claims 9 to 12, in
which the pre-set acceleration value is between 3 G
and 12 G.
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